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XoF L % 40 ML 200 LTS 0 ML B A DG (R R 2 T BB 1) S 00 5 >R T ) 42 SR 5 G 1 W€ CSP X PPAR-y 1Rk = A% 8
DA R /NTHE RNA 56 5u 3 R ¥GIE PPAR-y 78 CSP SR MU ZE S REH BU/E . 453 R, CSP (1 b & ok
72.9% , 73 T804 21.9 .2 100 kDa KT 50 000 kDa; 3% ¢ 4 49 Bl |~ ZLWE A H S8 = Fh O 4L, & 6 A 3=
TR, SRR LG, CSP ALFRER S T M ZEAHOCHE R TAM [ 24 B2 8 Al 37 14 ( Tyro3/ Axl/Mer receptor tyrosine ki-
nase, TAM ) FIFL R ER 3 Iz A= K K F 8 (Milk fat globule-epidermal growth factor 8, Mfge8 ) {31k (P <0.05) A K E 4R
X PR T A B (I I ZERE T (P <0.05) o s G4 R W] CSP AR T PPAR-y MR 31K (P <0.001) 584407,
Mk PPAR-y J& , 3% T CSP X EMEA M A ZEAH DG B R Fe b R HEVE o A X 3R W] CSP W] BESE A3 8% PPAR-y {5
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Abstract ; This study aims to explore the role and mechanism of Cordyceps polysaccharides ( CSP) in improving macrophage
efferocytosis function based on peroxisome proliferator-activated receptor v ( PPAR-y). The CSP was extracted by hydro-alco-
hol precipitation. The molecular weight distribution, monosaccharide composition and methylation products of CSP were detec-
ted by high performance liquid gel chromatography, PMP-high performance liquid chromatography and methylation analysis,
respectively. The effects of CSP on mouse macrophage cell viability, efferocytosis-related genes and efferocytosis rate were de-
termined by CCK-8 assay,real-time fluorescence quantitative polymerase chain reaction( RT-qPCR) and flow cytometry, re-
spectively. The effect of CSP on PPAR-y expression and nuclear localization was observed by immunofluorescence. Si-RNA

was then used to knock down PPAR-y to verify the possible target genes and signaling pathways of CSP. The results showed
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that the CSP contained 72.9% polysaccharides, with a molecular weight distribution of 21.9,2 100 kDa and more than 50

000 kDa. The CSP was mainly composed of glucose, galactose and mannose,and it contains six main glycosidic bonds. Com-

pared with the model group, CSP increased the expression of efferocytosis-related genes TAM receptor tyrosine kinase ( Tyro3/

Axl/Mer receptor tyrosine kinase, TAM) , milk fat globule-epidermal growth factor 8 ( Mfge8) and the efferocytosis rate of

macrophages (P <0.05). Meanwhile,CSP promoted the protein expression of PPAR-y (P <0.001) with nuclear transloca-

tion. In addition, the ability of CSP to promote the expression of macrophage efferocytosis-related genes was significantly af-

fected after knockdown of PPAR-y (P <0.05). Our study suggests that CSP may enhance oxidized low-density lipoprotein

(ox-LDL) -induced macrophage efferocytosis through activating PPAR-y signaling pathway.
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I U8 T 200 0 LA 535 A PR 19 3R 38 mT BB RAEAH 5C
PR I — B TEIR T RS A

2 Ji 7 % (Cordyceps ) 22 f T AL HLIE & A
YT Cordyceps sinensis ( Berk. ) Sace. 2F A= 7 W Mg ik
FHR L E 7 g d PR TR G, %
A HUR R | U R R 2 A 22 T
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IR b, 5 4 dUR w0 By 50 AR TR IR 9T B ik
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I, W A B R R A YA L), WA AL
WA MLV SAE PR T, 803 2l Jkoos A A Ak /s U4 1
RHZE it /I BRI 28 E 2 17, {H JHE X6 0 24 A 1
FENRE R BAT R M ATE R . P, AR5
W LA B R AN D 2R D 8 B Y, #R 9T 4 B T
Z 4 ( Cordyceps polysaccharides , CSP) X |5 W 4 Jitd g
FEVE IR S LR FERLR , B A & dU B i
— IR AR B 22 2%
1 MR5FE%®
1.1 ##5i7H

RAW 264.7 /)N L% B W 20 e (b3 ) e 20
JRLZE) 5 Jurkat AT 3 U 40 3 1t 5 4 (o053
TR A RA A s B AR A U Rk H T )|
BRETHEZRFE(101°97' ~102°59" E,30°05" ~31°

43" N, 4K 3 800 ~500 m) , 2 py [ 5 R 52 45 1 1
INHEMAHEPE R B E E 1 Cordyceps sinensis
(Berk. ) Sacc. 7y AF 75 W i R B R &l By B 09 )38 A0
2 PRI SE R TR AR

TE T =S e (24 2 Fr e, vu 1 oG Bl Bk~
ARAF) ; A (NaOH) (41175 :20211206) | FiF
R4 (NaNO, ) (4165 : 10019918 ) #yliy [ [ 24 4 141 fk.
IR A R A A & A AL (NaNy ) (it 5
200001012, 7k FH Ak 2% 3 5 77 ) 5 Tween-20 (it 45
223Y013, JL sl H R ERHE A BRA F]) s B8 22 28
(L5 :TE1412, H A shodex 23] ) s MR EL 2% PR
(L5 : G4202, I FELE IR AE R ECAT FR A W] ) 5 op-
ti-MEM 353535 (L5 :31985-707 , 2 [ Gibco N H]) 5
Cell Counting Kit-8 ( CCK-8) (4t 5 : 00670102, US
Everbright 7\ &) ) ; PPAR-y R £ 7 [ i1k (it 5.
A19676 , ABclonal /% 7]) ; RNA #2 B 7 & (5
R701-01, g Uit MERE AL DR IR A R A 1)) 5 Fast
SYBR Green qPCR Master Mix UDG X #| & (it 5.
A402-01) ,ExonScript RT SuperMix with dsDNase jiff
AR B (At 50 AS02-01 ) H4 00 [ J #8117 25 Ay Ji
AR IR w5 AL B IR B A (45
2018-10-25, )" JHZETTE W H AR A FR A F] ) s RNA %
ek 7] RNAFit (415 . HB-RF-1000, 331 4 9 RL 3
BIRZNT]) 3 Annexin V-FITC 4 Jifg 8 -4 90328 571 &
(#45-:021921210630, 21 7 KA Y AR A RA ) 5
H# ¥ ( mannose , Man ) (#t5: D06517201504 )  #% H#
(ribose, Rib) (it 5. B21897) . F& Z=## ( rhamnose,
Rha) (#it5-:027GS165538) | 7 %5 WX 1% ( glucuronic
acid,GlcA ) (#E2. ROOJITHI15178) . 2 |, 1 it fig
( galacturonic acid, GalA) (it5; KO7J12B133073 ) |
N-Z, -2 3 35 25 %% ( N-acetyl-glucosamine, AGlc)
(4t 5+ B34227 ) . i % B ( glucose, Gle) (41t 2
S22J12H137237) | N-Z. fit-24 3 2F FL B ( N-acetyl-D-
galactosamine , AGla) (#lt5-:S61480) . - F| ¥ ( galac-
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tose, Gal) (#it 5 : Z22J9H64187 ) A B ( xylose, Xyl)
(35 : D1TN9S74410) . 0] 711 ¥ ( arabinose, Ara) (it
5. 723D11H135480 ) . 7 3 ## (fucose, Fuc) (it 5.
MISHB178211) ¥ 5 _H IR RHECA R F
1.2 (UF5E&

R BEIE S 17 A5 (LC20 = SO AH (55 5
RID-20A 7R 22 5L A I &%, H A B HEA H) 5 LC-
20AD R AR AR 4% (B A B EA ) 55975C AU
FigAX (& [E Agilent 23 7] ) ; SLAN-O6P SLIN 9% 5
i PCR X ( g2 A BEIPRHA BR 2 W) ) s Multiskan
SkyHigh 4= Kl FR 1L ( 3¢ [E Thermo Fisher 23 ] ) ;
Veriti #J& PCR {X ( & E Thermo Fisher /A &]) ;FAC-
SCanto I it =04 AL (3£ [H BD 4 H]) .

1.3 XWHZE
1.3.1 CSP #93R I B A& &

PRI 10 g & d 5 ROk R, % 1030 (g/mL) FRR}
WL ,80 CHIKIRIB 3 ¥R, BEIK 2 h, & IF a2
W, A S AR 95% 2 W, WU B, R
Sevag IR (1E T s =& H&e =1:5) &M 5,60
CUERSR , (EH] 3.5 kda @4 TR 2K H#ET 3
W BFIR 8 h ARV VR T, 75 L FE 2 EAE i CSP
FHTIREEI R, 27 Qin %57 SR FH 2 W3-k B 12 1
5 e 22
1.3.2 CSP 45-F=m e

R FH 2 RO E I (20335 7 (high performence gel
permeation chromatography , HPGPC) #fj & B ¥ 22 #H 11
Oy TR . WIS L SRR . (iR
4. a3 > TSKgel GMPWXLL 7K AH B i €4 354 ; 7
ZNAH4 0. 1 mol/L NaNO,/0.06% NaN, 7KW ; 7 i
0.6 mL/min; £ 35 C 5 #EFEE 20 pl,

1.3.3  CSP 420 s #ml &

K HH B RO A €433 (high pressure liquid chro-
matography , HPLC ) X 1t B Z2 05 i v SbB 20 )itk A7
ISE o X HE O H B AZOHE | B2 A MR TR |
P FUHRE TR N- £ -2k 1 2 W 3 % 0 N- & Tk -
FAERUNE CEZURE AN | TR AR RN R 0 A
HEMR G . HEAM R 0.2 mol/L =5 LR £
WERE S S BB . EE A BB R Xtimate
C5 (4.6 mm x 200 mm,5 pm) ;3 siAH4 0.05 mol/L
R —EAIR (pH = 6.7): LIl =83: 17 KK 250
nm; FiE oA 1 mL/min; #3030 °C ke 20 wl.
1.3.4 CSP ¥ k&AL #7

1 CSP A5 A2 DMSO SR 5 ] CHL T 7

DMSO/NaOH #1H 34k, F 2 mol/L §Y =R T
121 CFKf# 1.5 h, %5 H NaBD, i J5E T iR 4
Y1, 9146 100 C T H BRI mEf 2.5 h, R GC-
MS 537 H A B C BR BR AT AE ), 5 4 R Agi-
lent SGE BPX70(30 m x 0.25 mm,0.25 pm) , %5,
HAR (TR 100 1) 3R 1 ul, 91 IR A R
140 °C {845 2 min F2)F T, LA 3 °C/min (355 T
%230 °C,JF#E 230 C FOR#F 3 min, HHEIA R
SCAN JulEl (m/z) }y 50 ~ 350, ARk Or B ek [) 15T
TEAF B K AT AR AL Y, AR R 0 B R AR Y
FEEIR L

1.3.5 CSP st RAW 264.7 @ jei% 1 %

RAW 264. 7 4 Jfd & H &% 10% i 4= 135 19
DMEM #5553 5455% 8 T 5% CO, 37 CHkEF4aT
Kige, BOWEUER B RAW 264. 7 4iffud g 1 x 10*
A/ LR T 96 FLAR % I AL G 90% . W E
SEBGA A AL RO R, 5258 21 43 B4 A 0,100
200,400,800 .1 000 pg/mL CSP Ab3H 24 h, kb P4k
J&,PBS ¥k 3 Wk, BFL N A 100 pL Bt & 451 10%
CCK-8 % ,5% C0,,37 CHEHE 0.5 h, T 450 nm
Qb E LG REAE , 4% X (1) 1158 RAW 264. 7 41
MLiE J1(R) o

A, A,
Ay -4,

Hor A R 25 A FRS AN WG BE (R A, R
R L2 2 b B2 B 0% W BB 5 A, R 35 3R R IO
BEAA, BIZS 14,

1.3.6 @l T

U RO S B9 RAW 264. 7 4008, L 1 x
1084~/ FL3EFD T 6 FLAR , 1% B X BB 4H ( control , Con) |
R 2H (model ,Mod) .CSP fi; ( CSP in low dose, CSP-
L) .H1(CSP in middle dose,CSP-M) . ( CSP in high
dose ,CSP-H) | & 41 . XJ HE AL 25 T 56 4 4% 95 3k, B
RUZH AN CSP H A %5 T 50 pg/mL ox-LDL 3%, [A]
24555 CSP ZH 47051 45T 7 200,400,800 g/
mL CSP [WE5 7358, B T AN R SRR AR S 1 35 24 ho
1.3.7 RT-qPCR #m o 348 % & B £ ik

F41.3.67 H B I Ab B SE AN ML IS, o ) i g
BN, HEEL RAW 264. 7 40 i i RNA J5, B 1
g RNA 3055555 cDNA | L 1wl cDNA /E BT ,
i3 RT-qPCR g A6 0 15 1938 41 i 1t 226 4 FH B
Axl Tyro3 il Mfge8 )ik K, #2724 :95 C T
AFPE 3 min 5, L1 95 C 5 5,60 °C 30 s, fFFF 40 %K.

R =

x 100% (1)
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SIFEN IR 1,
£ 1 RT-qPCR 341575

Table 1 RT-qPCR primer sequence
M 1975
Gene Primer sequence (5'—3")

F:GAGCCAACCGTGGAAAGA
R:AGGCCACCTTATGCCGATCTA
F:GCCTCCAAATTGCCCGTCA

Axl

Tyro3 R:CCAGCACTGGTACATGAGATCA
Mfges F: ATATGGGTTTCATGGGCTTG
R:GAGGCTGTAAGCCACCTTGA
CAPDH F: AGGTCGGTGTGAACGGATTTG
R:TGTAGACCATGTAGTTGAGGTCA
1.3.8 X zaf Al CSP %136 2 4 69 % vl

Jurkat AT 34k EL 40 M 11 000555 40 M B T 42 AR 2T
Ay R 0.30 .60 .90 ,120 150,180,210 240 #l1 270
min, AL T30 & (&% Annexin V-FITC F1 PI)
HEATAR YL T A IR R 15 min, BHf5E T
UK A SR T 2 4 B B AR D3R A 43 BT Jurkat 28
T2, Annexin V-FITC #1 PI X 4% /Y Jurkat #f
HARR M T

RAW 264.7 LA 1 x 10*4~/FLEERNTF 96 FLHR,
IR 1. 3. 67 Jrik A A ML, LU Cell-Tracker™
Green CMFDA 541X Jurkat 40l 47 Y2 (A bRic , #4
3 x 10°4/MLERR T, AL IR 4T 270 min, i
YL T, BESS A S FRAR P 30 ming W2
96 fLAR Y TH B 323, LA 5+ 1A LR 12 1 Jurkat
ANMIANA RAW 264. 7 2E1E3% 120 min, R FR45H
Jo FE T8 5 1R £k 2% w5 W ( phosphate buffer saline,
PBS) Y35 R B AR LAY Jurkat 4110, L F4/80 #841%F
/N RAW 264. 7 21 BEAT B tdnic, YOS A0,
PBS i, Al MG T 507 o
1.3.9 Western blot #= 8] 4 %, J& 3 & %4 m| PPAR-
y &8 &k

Z1.3.67 J7 kT SAH LS, A 2 i 5

FRBARIUR R (. SR BCA LT A E &,
H VAR b 2 3R DA O e 5 e R A FL Kk 0,
%% PVDF JEE, £ 1 h 5, Li—3i (bt PPAR-y)
4 CHE LR, —Hi(HRP-ILEHTAR) FIREF 1 h,
AL 2 B2 RAE ST, JF R Tmage J 143
FrIRBEAE AT 7 H 5 H A Rk

RAW 264.7 L1 x 10°4/FLEF T 6 FLAR, #%
“1.3.67 JriE TS UG 7 IR, 4% 2 R W E
[ 7€ 15 min , B AR AL B 20 min , Gyl Gt (0,35 AR S

M1 b, B RE AR S S bt PPAR-y $ifk 4 CHE R it
% o {#iFl Rhodamine ( TRITC ) 552-{i% B¢ — 4 /£ Fl 40
i 1 h, SRR EE R 2% #P K ( phosphate buffered saline
with Tween 20,PBST,100 mL PBS + 100 pL Tween-
20) VE VRIS WG A DAPT 355 F 300 X6 240 A% 34T e
B, 2Ot IR AL R
1.3.10 si-RNA %53 % jf it

RAW 264.7 LI 1 x 10°4/FLIEF T 6 FLT, 24
P IR 30% HEAT e Gy o o3 il B IE R R IR
(Con) IEH XF BE/INT4 RNA 21 (si-Con) ,PPAR-y-
1 /NF3E RNA 4 (si-1) \PPAR-y-2 /N4 RNA 244
(si-2) \PPAR-y-3 /NT4 RNA 4H (si-3) (W 2),
PLTCILTE opti-MEM 35 55 HeR B si-RNA fifi A i
A 25 nmol/L, IR A5 N 20 pl. RNAFit, 15 2] 4% e &g
EW . Br Con AR AN AM NS YL 251,
FEINATCILI opti-MEM 35 #2540 E % 1 mL; Con 44
HARMA 1 mL JCIL{E opti-MEM }i37%. 5% CO, .
37 CHFE 4 h,BE/EMA 1 mL & 20% JiG 2F L5 (1)
opti-MEM 5 3% 3, #5538 72 h JF R E N, =%
“1.3.97 [} )7 1% F Western blot #E4r /N T4 RNA
R IR SRE o

Fz2 NFHERNA WFESISE
Table 2 The sequence of siRNA

20 51 igdl
Group Sequence (5'—3")

iF X : UUCUCCGAACGUGUCACGUTT
2 X : ACGUGACACGUUCGGAGAATT
1E X : CAAUGGUUGCUGAUUACAATT
2 X : UUGUAAUCAGCAACCAUUGTT
1E X : GGGCGAUCUUGACAGGAAATT
JZ X : UUUCCUGUCAAGAUCGCCCTT
1F X : AGUUUGCUGUGAAGUUCAATT
J% X : UUGAACUUCACAGCAAACUTT

si-Con

si-1

si-2

si-3

1.3.11 RT-qPCR # | PPAR-y 3+ RAW 264.7 fia
LN RO A

P4 20 ML 434 Con 2 Mod #4H ,CSP 4 il CSP +
si-3 2,351, 3. 107 {7 kb AT 56 Yy, 48 h J5, CSP
ZHAN CSP + si-3 20 A 800 wg/mL CSP fEH] 24 h;
AR R AN, SR 3. 77 W IR R LR
RNA Jf 4 ] PPAR-y K fifd 38 AH OGS R ik &, DA
GAPDH JE[H A NS, FIARX & 2722 35 H i 3
PRI A AR X e 8 1
1.3.12 H3Ea 5 54t

AR R DEE 3 ARG R DI « bR
W2z (v £ s) #omo GoitorMrfii I SPSS 22 4,
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[l Fr 22 (4 Prism Graph Pad 9.5 4. PI4L] H
BOR FHARBCXT ¢ K58, 22 2 [ P AR JH B 3R 5 22
e P <0.05 Fn2m HA G EE L.
2 HR
2.1 CSPRHERBNESSEMRIE

W LA F7s , R AR B -B R , LA AR A AR
i 2z ) bR o 2k, 75 2] CSP oA g BOBE S O
72.9% o FI v RO BRI (035 75 N CSP A & 73
B = Ay, I ) 350 9. 81113, 131

15.298 min, TIH 40K 21.9 2 100 & K TF
50 000 kDa( ULIE 1B) . 5y &80 v AH £ i v ) 45 CSP
A AR | UM R SRR = R OB A A (I
K 1C.1D), H kg R R, CSP Bk i £ A K
it 48 2 B (t-Glep ) \3-34 42 NH g 45 28 % (3-Glep) \2-
T 42 e H 8 % (2-Manp ) | 6-3% B2 1k e H 55 4% (6-
Manp) \2-3ZHZ 0L R FLAE (4-Galp ) |3, 4-3% 2 1 IR
HIZHE (3,4-Glep) , LB /R H 43 ol 18.30: 6. 92:
10.52:5.67:26.40:9.80( W% 3) .
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Fig. 1  The polysaccharide content,molecular weight and monosaccharide composition of CSP

AL A BRI AE T 26 B . CSP ) HPGPC [K13% ; C . Frifi i 9 HPLC [&13% ;D CSP 1) HPLC [&li% ., Note: A ; Glucose standard curve;B:HPGPC

diagram of CSP;C;HPLC chromatogram of the standard sample; D :HPLC chromatogram of CSP.

®3 CSPHRENLER
Table 3 The methylation results of CSP

M R FH e f B TR JFEIR
Type of glycosidic bond Methylatedmonosaccharides Molecular weight Molar ratio( % )

t-Glep 1,5-Di-0-acetyl-2,3 ,4 ,6-tetra-O-methyl glucitol 323 18.30
3-Glep 1,3,5-Tri-O-acetyl-2 ,4 ,6-tri-O-methyl glucitol 351 6.92

2-Manp 1,2,5-Tri-O-acetyl-3 ,4 ,6-tri-O-methyl mannitol 351 10.52
6-Manp 1,5,6-Tri-O-acetyl-2,3 ,4-tri-O-methyl mannitol 351 5.67

4-Galp 1,4,5-Tri-O-acetyl-2 ,3 ,6-tri-O-methyl galactitol 351 26.40
3,4-Glep 1,3,4,5-Tetra-O-acetyl-2 ,6-di-O-methyl glucitol 379 9.80
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2.2 CSPXEHpaAaZEE X E ERIZEHF T
W 2A iR, AR CSP Zb P15 , 40 e A7
TR AR R Y TEHA 2% 5% (P >0..05) , A 100
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VR TR 2LSE . MUZEE A e TR 2 2
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Fig. 2 Effects of different concentrations of CSP on the viability of macrophages

and the expression of efferocytosis-related genes ( x + s,n = 3)

0 G XTHRL A, *P <0.05, %P <0.01,% P <0.001 ; 5HAILH [LAE, * P <0.05,

**P<0.01,"**P<0.001, F[d, Note:Compared with

Con,*P <0.05,%*P <0.01,** P <0.001 ; Compared with Mod, * P <0.05, * * P <0.01, * * * P <0.001 , the same blow.
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